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1 ,QWURGXFWLRQ
7KH WHUP  ܀sXVWDLQDEOH GHYHORSPHQW % ZDV GH rQHG E\ WKH :RUOG
Commission on Environment and Development (WCED, 1987) in its report 
Our Common Future. The key principle of sustainable development is 
that it can only be achieved if socio-economic development is based on 
the responsible use, preservation, and renewal of the Earths limited 
natural resources, and the use of renewable resources. Moreover, the 
report focused on global realities and recommended urgent action on 
eight key issues that ensure sustainable development. One of those key 
issues addressed by the WCED is energy (UNESCO, 2003).
The United Nations Conference on Environment and Development, 
held in Rio de Janeiro in June 1992, outlined the principles of future 
global sustainable development (UN, 1992). The principal output 
was Agenda 21, which determined priority actions and provided 
guidelines for their achievement. Agenda 21, a guiding philosophy for 
global sustainable development, served as the basis for subsequent 
international agreements related to global environmental, social, 
and economic problems. 
More recently, in December 2015, the Paris agreement at the Climate 
Conference (FCCC/CP/2015/L.9, 2015) stressed the urgency to respond 
to the threat of climate change by keeping the global temperature rise 
less than 2 degrees Celsius above pre-industrial levels this century, 
and to pursue efforts to limit the temperature increase even further to 
1.5 degrees Celsius. Within the scope of this agreement, stakeholders 
and authorities will need to further reduce their emissions and build 
resilience to decrease vulnerability to the effects of climate change 
(European Commission, 2015). This is in line with the long-term 
commitment of the European Commission (2013) to the decarbonisation 
path, with a target for the EU and other industrialised countries of 
80 to 95% cuts in emissions by 2050.
The use of energy is the main source of greenhouse gases (GHG) 
(Eurostat, 2012, 2015). As the energy consumption of the building 
VHFWRUDFFRXQWV IRUDSSUR[LPDWHO\RI  rQDOenergy consumption 
in the EU (Eurostat, 2013), the importance of the building sector is 
recognised and addressed by institutions and legislative parties. 
Next to the energy use, the construction and operation of buildings 
KDYHVLJQL rFDQW rQDQFLDODQGVRFLDOLPSOLFDWLRQV7KXVDVXVWDLQDEOH
building should consider design and construction using methods and 
PDWHULDOVWKDWDUHUHVRXUFHHI rFLHQWDQGWKDWZLOOQRWFRPSURPLVHWKH
health of the environment or the associated health and well-being of 
the buildings occupants, construction workers, the general public, or 
future generations (Landman, 1999, p. 7).
The built environment is relevant to sustainability. The interest of 
OHJLVODWLYHSDUWLHVDQGWKH(8LQSDUWLFXODULQWKHEXLOGLQJVHFWRUFRQ rUPV
this importance. Together, the (QHUJ\(I rFLHQF\'LUHFWLYH',5(&7,9(
2012/27/EU) and the Energy Performance of Buildings Directive (EPBD) 
determine the framework for member states to promote the reduction 
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of energy use in buildings (BPIE, 2013). Given the importance of existing 
buildings, sustainable refurbishment aims at achieving the goals of 
sustainable development by addressing environmental, social, and 
economic aspects. Research has shown that more energy conservation 
DQGRWKHUVXVWDLQDEOHEHQH rWVFDQEHDFKLHYHGLQWKHH[LVWLQJEXLOGLQJ
stock compared to newly-built buildings (Itard & Meijer, 2008).
5HIXUELVKPHQW DOUHDG\ UHSUHVHQWV D VLJQL rFDQW VKDUH RI EXLOGLQJ
construction practice with approximately half of the total turnover of 
major repairs (Thomsen, 2010; Genre, 1996; Flourentzou, Genre, & 
Roulet, 2001; McGraw-Hill Construction, 2011). The building industry, 
including architects, contractors, product suppliers etc., is already 
working on upgrading existing buildings. Nevertheless, sustainability 
EHQH rWV VXFK DVenergy savings, is rarely the sole motivation for 
refurbishment. Usually, the decisions are interconnected with 
RWKHU  rQDQFLDODQGVRFLDOPRWLYDWLRQ:KDWHYHU WKHPRWLYDWLRQ WKH
challenge for the design of the refurbishment strategy is to incorporate 
strategy measures that improve the sustainability and resilience 
of the refurbishment.
This chapter aims at explaining the role of the refurbishment of the 
building stock for sustainability and UHVLOLHQFH )LUVWO\ GH rQLWLRQV
of the levels of building upgrades are given, and the motivations for 
refurbishment are discussed. In addition, the chapter deliberates on the 
ecological, economic, and social aspects of refurbishment. Finally, case 
studies of refurbishment projects are presented, providing insights into 
different aspects of refurbishment for sustainability and resilience.
2 'H rQLWLRQVRI5HIXUELVKPHQW
Refurbishment as a term used in the building sector can cover a 
broad range of measures. Different terms may apply, depending on 
the degree and type of intervention, from repairs and maintenance to 
demolition and reconstruction. Fig. 2.1 summarises the various levels 
of intervention, from smaller to bigger interventions.
Small 
intervention
Big 
intervention
Renovation/
Maintenance
Repairs/
Maintenance Refurbishment Adaptive reuse DemolitionConversion
cosmetic repairs
does not add new 
components
replaces, repairs 
defective parts
replaces, repairs 
defective and/or 
outdated parts
changes building
 function, 
along with 
consequent repairs
 and modifications
completely
eliminates
structure and 
components
extends repairs
to load-bearing
structure
FIG. 2.1 Degrees of intervention on 
buildings (Konstantinou, 2014)
TOC
./$%6_VXVWDLQDEOHDQGUHVLOLHQWEXLOGLQJGHVLJQB approaches, methods and tools
Sustainable Refurbishment for an Adaptable Built Environment
208
The refurbishment level ranges from repairs/maintenance to conver- 
sion. Maintenance is restricted to replacement or repair of defective 
components. Conversion would affect load-bearing building elements 
and interior layout. Refurbishment, on the other hand, does not include 
major changes in the load-bearing structure. In refurbishment, de- 
fective parts, as well as outdated components or surfaces, are 
repaired or replaced (Giebeler et al., 2009). Upgrade of  rUHSURWHFWLRQ
acoustics, and thermal performance can, therefore, be achieved 
through refurbishment. Additionally, during the refurbishment, 
buildings can be UHWUR rWWHGZLWKWHFKQRORJLHVIRUenergy generation 
from renewable sources. 
The Energy Performance of Buildings Directive (EPBD) applies the 
terminology of major renovation. Existing buildings, building units 
and building elements that undergo major renovation need to reach 
VSHFL rFUHTXLUHPHQWVIRUWKHenergy performance. EU Member States 
VKRXOGGH rQHPDMRUrenovation as measures in which the total cost 
of the renovation relating to the building envelope or the technical 
building systems is higher than 25% of the building value, or more 
than 25% of the surface of the building envelope undergoes renovation 
(DIRECTIVE, 2010/31/EU). 
An interpretation of major renovation, which is related to sustainability 
and GHGs, is the term deep renovation. The refurbishment depth is 
related to the level of savings on energy or greenhouse gas emission, 
specifying as deep such renovations that achieve energy savings of 60-
90% (BPIE, 2011). Typically, a holistic approach that considers a package 
of measures is required to reach deep UHQRYDWLRQVDYLQJV6XSHU rFLDO
renovations with lower savings in energy consumption obstruct the 
FOLPDWHWDUJHWVIXO rOPHQWDVWKH\FDQUHVXOWLQKXJHSRWHQWLDOVDYLQJV
to remain untapped (Hermelink & Müller, 2011).
3 6XVWDLQDEOH5HIXUELVKPHQW
Motivations for refurbishing existing buildings are related to environ- 
mental, social, and economic aspects of their use or reuse, which 
are the three major categories of sustainability (Emad & David, 2012; 
Munasinghe, 2004; Nahmens & Ikuma, 2012). As refurbishing a building 
is a complex process that encompasses parameters such as the 
architectural design and construction, HQHUJ\HI rFLHQF\VRFLR rQDQFLDO
effects, and user behaviour, it is understandable that it can affect all 
different aspects simultaneously.
The key environmental motivation is to reduce energy consumption 
from fossil fuels and related greenhouse gases (GHG) emissions, 
and to include power generation from renewables; the key economic 
motivation is to reduce the cost of energy used for heating; the key 
social motivation is to reduce fuel poverty and improve quality of life 
and well-being of the inhabitants.
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3.1 Environmental Aspects
5HGXFWLRQRI*+*HPLVVLRQVE\LPSURYLQJHQHUJ\HI rFLHQF\RIEXLOGLQJV
The building stock has been the central focus of policies for 
energy saving. The International (QHUJ\$JHQF\,($KDVLGHQWL rHGWKH
building sector as one of the most cost-effective sectors in the reduction 
of energy consumption, with an estimated possible energy saving 
of 1,509 million tonnes of oil equivalent (Mtoe) by 2050. Moreover, 
improving HQHUJ\HI rFLHQF\LQEXLOGLQJVDQGKHQFHUHGXFLQJRYHUDOO
HQHUJ\ GHPDQG FDQ VLJQL rFDQWO\ UHGXFH EXLOGLQJUHODWHG FDUERQ
dioxide (CO2), translating to possible mitigation of 12.6 gigatons (Gt) 
of CO2 emissions by 2050 (IEA, 2010).
(QHUJ\HI rFLHQF\RIexisting buildings can be achieved by applying 
one or more measures that increase the thermal resistance of the 
envelope and improve the performance of the building services. Such 
measures include the replacement of windows with new, state-of-the-
art panes and frames, the addition of thermal insulation material to 
external walls and roof, and the replacement of existing heating systems 
ZLWKQHZRQHVZLWKDKLJKHUFRHI rFLHQWRISHUIRUPDQFH&23VXFK
as heat pumps. More details about passive and active measures and 
technologies can be found in Book 4 of this series.
(QDEOLQJJHQHUDWLRQRIHQHUJ\DQGKRWZDWHUIURPUHQHZDEOHVRXUFHV
RQUHIXUELVKHGEXLOGLQJV
Next to HQHUJ\HI rFLHQF\PHDVXUHVWKDWUHGXFHWKHenergy demand and 
the related GHG, existing buildings can also act as power generators 
for electricity and hot water. The envelope of the existing building or 
its surroundings can be used to accommodate photovoltaic and solar 
panels, and UHWUR rWWHGEXLOGLQJVHUYLFHVFDQXVHenergy from renewable 
sources. More details about renewable energy technologies can be 
found in Book 4 of this series.
FIG. 3.1 Example of the 2ndSkinzero-
energy refurbishment concept 
(Konstantinou, Guerra-Santin, 
Azcarate-Aguerre, Klein, & Silvester, 
2017)
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Combining measures to improve HQHUJ\HI rFLHQF\DQGJHQHUDWHHQHU 
gy has the potential to provide zero-energy refurbished buildings, such 
as in the approach presented in Fig. 3.1. The built environment can 
only be transformed to zero-emission by eliminating the buildings 
consumption of energy generated from fossil fuels. 
6DYLQJQDWXUDOUHVRXUFHVE\DSSO\LQJFLUFXODUHFRQRP\SULQFLSOHV 
LQUHIXUELVKPHQW
To achieve strong energy performance in new constructions, which 
LQFOXGHVEHWWHULQVXODWLRQDQGHI rFLHQWEXLOGLQJVHUYLFHVQHZEXLOGLQJV
require major energy, carbon, and wider environmental impacts, 
due to the demand in new materials (Power, 2008). Preserving and 
transforming H[LVWLQJEXLOGLQJVLVPRUHHQYLURQPHQWDOO\HI rFLHQWWKDQ
demolition and rebuilding, as natural resources are saved. The building 
process and the new materials used are energy intensive, while most of 
the building structure and building components in an existing property 
rarely need replacing. Consequently, new buildings require four to 
eight times more resources than an equivalent refurbishment (Itard & 
Klunder, 2007). Regarding broader environmental impact, demolition 
and building are a major source of ODQG rOO YROXPHDFFRXQWLQJ IRU
around 30% (Power, 2008). Fig. 3.2 shows some examples of waste 
from building components. Therefore, the reduced availability ofODQG rOO
sites also has implications for the scale of building and demolition, and 
limiting waste through reuse, refurbishment, and recycling is needed.
A B
FIG. 3.2 (A) Waste from building 
components and (B) recycling plant of 
building components
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3.2 Economic Aspects
(PERGLHGHQHUJ\DQGFDSLWDO
Buildings also store capital, bound to the raw materials. While façades 
and building services may reach the end of their technical lifespan at 
the age of 30 years, the load-bearing structure can last for a century 
or more. Thus, demolition would not only be a waste of embodied 
energy and energy used for demolition, but also a waste of capital.
5HGXFLQJFRVWRIHQHUJ\FRQVXPHGIRUKHDWLQJDQGKRWZDWHU
The operational cost of a building is strongly related to its 
energy consumption. The general trend is for energy prices to rise, 
despite some intermittent falls, which are often mitigated in the retail 
price by increasing related taxes (IEA, 2016; ITRE, 2015). The energy price 
rise directly leads to higher operational cost. Considering that 
tenants would accept higher rental rates if the operational costs 
were lower, refurbishment has a direct economic effect on improving 
HQHUJ\HI rFLHQF\DQGUHGXFLQJWKHenergy consumption of the building. 
The report Europes buildings under the microscope (BPIE, 2011) 
estimated that deep renovation of the building stock to reach the 2050 
targets may result in 380 billion savings for consumers, with direct 
positive effects on fuel poverty, as will be discussed in the following 
section as part of the social aspects.
5HGXFLQJFRVWE\UHXVLQJH[LVWLQJEXLOGLQJPDWHULDOVDQGFRPSRQHQWV
)URP D  rQDQFLDO SRLQW RI YLHZ GHPROLWLRQ DQG QHZ FRQVWUXFWLRQ
make sense if only minor renovation with little energy saving is 
possible, and if a building is in such bad state that extensive, cost-
intensive, non-energy related measures are needed. In addition, the 
energy performance of a renovated building could be equal to that of 
a new building. Thus, the argument that the lifespan expectation and 
PDUNHWSRVLWLRQRIDUHQRYDWHGEXLOGLQJFDQEHLQVXI rFLHQWWRMXVWLI\WKH
investment is not convincing (Thomsen & van der Flier, 2008).
6WUHQJWKHQLQJHFRQRPLFUHVLOLHQFHE\ LQFUHDVLQJ WKHFRPPHUFLDO
YDOXHRIUHIXUELVKHGEXLOGLQJVDQGWKHLUDWWUDFWLYHQHVVWRWKHPDUNHW
The planning of a refurbishment project offers the opportunity to 
improve the performance and function of the building, as well as to 
LQFUHDVHWKHXVDEOHVSDFHE\PDNLQJWKHLQWHUQDOOD\RXWPRUHHI rFLHQW
or by constructing additions and extensions to the building. The added 
usable space has an immediate result in the form of an increase in the 
commercial value of the building. Furthermore, high HQHUJ\HI rFLHQF\
and sustainability features promote a green and renewed image of the 
property, which makes it more attractive to potential buyers and tenants.
-REFUHDWLRQ
Finally, refurbishment activities can contribute to job creation. Parti- 
cularly in the residential sector, employment gains are typically higher 
than in other sectors (Waide, Gurtler, & Smith, 2006). It is estimated 
that around 1 million jobs can be created annually throughout the 
period until 2050, as a result of deep renovation of the residential 
building stock (BPIE, 2011)
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3.3 Social Aspects
,QFUHDVLQJVRFLDOUHVLOLHQFH
Demolition, as an alternative to renovation, is slow, costly, and un- 
popular. It provokes community opposition among the very people who 
DUHVXSSRVHGWREHQH rWIURPWKHPHDVXUH3RZHUDVWKRVHOLYLQJ
in locations targeted for demolition often have little say in the deposition 
RIWKHLUQHLJKERXUKRRGDQGRIWHQIDFHGLI rFXOW\LQ rQGLQJUHSODFHPHQW
housing (Crump, 2012).
5HGXFLQJIXHOSRYHUW\
Reduced energy demand results in lower energy bills for the people 
living in refurbished dwellings. With 10-25% of the total EU population 
estimated to be fuel poor, HQHUJ\HI rFLHQF\XSJUDGHRIresidential 
buildings can provide the means for reducing fuel poverty as a result 
of lower energy bills following such renovations (BPIE, 2013).
,PSURYLQJWKHTXDOLW\RIOLIHRIEXLOGLQJRFFXSDQWV
Apart from the resulting savings in energy use and the consequent 
mitigation of climate change, an immediate effect of HQHUJ\HI rFLHQW
refurbishment is improved comfort and increased building quality, 
both functionally and technically. Refurbishment can be decided on 
the grounds of reduction of noise or draught. 5HWUR rWWLQJRIEXLOGLQJ
services, replacement of windows, and restoration of damaged 
components are some measures to improve technical quality as well 
as the comfort in such spaces.
Functional shortcomings, such as small apartment size, inadequate 
space layout, and lack of accessibility for people who have temporary 
or long-term physical impairments, are also major issues that impair 
quality of life, and which refurbishment can address. Over the years, 
the average number of persons per dwelling has decreased from 5-6 in 
the early post-war years to 2.43 persons per dwelling in 2002 (Andeweg, 
Brunoro, & Verhoef, 2007). It is thus evident that updates in the layout 
and number of houses are necessary. Accessibility is also important, 
SDUWLFXODUO\ZLWKWKHVKLIWLQWKHDJHSUR rOHRIWKH(XURSHDQSRSXODWLRQ
(BPIE, 2011). Housing built prior to the 1960s was not equipped with 
HOHYDWRUVHYHQ LQ WKUHHRU  rYHVWRUH\EXLOGLQJV7KHrefurbishment 
strategy can incorporate these functional improvements.
3UHVHUYLQJVRFLRFXOWXUDOFRQWH[WRILPSRUWDQFHWRWKHFRPPXQLW\
Refurbishment also serves to preserve the societal value of existing 
buildings, together with their cultural and historical value, while 
improving living conditions. When buildings today are in need of 
refurbishment, the task is to keep their history alive and preserve their 
value for society. In practice, this means that each project has to be 
valued for its qualities and potentials. Urban areas that are considered 
as important architectural and urban heritage may be designated as 
conservation areas in which only visually sensitive refurbishment is 
permitted, and demolition and rebuilding allowed only if it has been 
ascertained to be the only viable option. In urban areas that do not have 
exceptional architecture, good quality refurbishment can improve the 
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appearance of buildings and streets. Overall, refurbishment can preserve 
as well as promote the design qualities and socio-cultural values of 
a building, a street, or a neighbourhood atmosphere, as well as the 
heritage value of buildings and cities, as in the example shown in Fig. 3.3.
FIG. 3.3  Archipelbuurtdistrict in The 
Hague, NL. The district has preserved 
its original character.
,PSURYLQJ WKH DSSHDUDQFH DWWUDFWLYHQHVV DQG VDIHW\ RI WKH EXLOW 
HQYLURQPHQW
Technical decay in buildings is related to social decay (Priemus, 1986). 
Strong socio-economic user groups leave buildings that are technically 
and functionally outdated, and weaker groups replace them. This 
process often results in a high turnover of tenants, vacancy, lack of 
control, and generally unfavourable living conditions. Refurbishment 
can, hence, stabilise an uncertain social environment, as the renovated 
buildings meet todays demands and provide a functional and attractive 
contribution to society. Such an example is the residential complexes 
in the Bijlmermeer district in Amsterdam (Fig. 3.4) 
FIG. 3.4 5HQRYDWHGJURXQG sRRU
apartments in the Bijlmermeerarea, 
Amsterdam, NL
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4 5HIXUELVKPHQW'HVLJQIRU)XWXUH$GDSWDWLRQ
The study included surveying resilient design principles, and esta- 
blishing building-related criteria (see Chapter 2 of this book). 
*UDPPHQRVDQG5XVVHO GH rQHDQadaptable building as one 
intentionally built so that changes in its use, expansion or contraction 
of space, or major changes to its systems and envelope can be 
accommodated with minimal waste of resources. The same principle 
should apply during the refurbishment of an existing building. 
It is useful to make a distinction between the terms adaptability and 
 sH[LELOLW\RIEXLOGLQJV'HVLJQLQJIRU sH[LELOLW\LPSOLHVWKDWDGHVLJQEULHI
requires building systems that can meet changing needs over time, both 
from minute-to-minute (as, for example, the building services respond 
to changes in the weather, internal heat gains, use, and occupant 
UHTXLUHPHQWVIURPGD\WRGD\ZLWKPRGL rFDWLRQVLQZRUNLQJSDWWHUQV
space use, equipment, furniture etc.), and from time-to-time (with 
changes in organisational structures, requirements, tenancy and even 
IXQFWLRQ %RUGDVV	/HDPDQ7KH  rUVW UHTXLUHPHQW LPSOLHV
that a building is highly serviced and may have sophisticated building 
management control systems. Complex building services systems that 
were initially intended to provide  sH[LELOLW\PLJKWWKHPVHOYHVREVWUXFW
the change that is later found to be required. Harvey and Ashworth 
VD\ WKDW WKHPRUH  ܀iQWHOOLJHQW %WKHEXLOGLQJ WKHPRUHGLI rFXOW
it is to manage and reorganise because highly trained personnel 
are needed to carry out operations and replacement of systems. 
The alternative strategy may be to provide simpler, but potentially 
adaptable, buildings, which are easily altered as needs change, and 
to apply the same approach during the refurbishment of an existing 
building. If complexity is necessary, it should be isolated and managed 
by simple interfaces (Bordass & Leaman, 1997). Some buildings may 
not have such systems because they were not required for the initial 
buildings uses. However, the design of adaptable buildings and 
refurbishment of existing buildings should provide a spatial capacity 
for the installation of additional services in the future.
In the design of more conventional buildings, which are envisaged as 
non-demountable and durable, but need to be adaptable, the main 
GLI rFXOW\OLHVLQSUHGLFWLQJZKDWW\SHVRIVSDFHVWUXFWXUHVDQGVHUYLFHV
OHQGWKHPVHOYHVWRFKDQJH$OWKRXJKSUHGLFWLRQVDUHGLI rFXOW2]EHNKDQ
(1969) points out the importance of being able to distinguish between 
what is constant and what is variable. Basic physical elements by which 
DWUDGLWLRQDOEXLOGLQJFDQEHGH rQHGDUHVWUXFWXUHHQFORVXUHVWDLUV
and services. The question is whether they are constant or variable. 
Some buildings have been planned with demountable structures, which 
may be considered as a variable feature. However, the structure of 
most buildings can be regarded as a constant until the end of the 
building life. Normally, enclosure and vertical circulations are designed 
as permanent features, intended to last throughout the buildings life. 
Nevertheless, they can be and have been changed on some buildings. 
Design for Disassembly (DFD) is a trend in manufacturing that will 
introduce more variable features in building design. The need for 
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services can be considered a constant, but their type and technological 
solutions not necessarily so.
5XVVHOODQG0RIIDWWGH rQHWKUHHGHVLJQVWUDWHJLHVIRUDGDSWDELOLW\
 sH[LELOLW\RUHQDEOLQJPLQRUVKLIWV LQVSDFHSODQQLQJ FRQYHUWLELOLW\
or allowing for changes in use within the building; and expandability 
(alternatively shrinkability), or facilitating additions to the amount of 
space in a building. They provide a broad-brush description of desirable 
characteristics of foundations, superstructure, envelope, services, 
and interior spaces, which can enable easier adaptations. Langford, 
MacLeod, Dimitrijevic, and Maver (2002) developed the criteria for 
assessing a potential for adaptation of new and existing buildings. 
The criteria consider exterior spaces (building site); interior space 
(size of spaces/rooms, relations between them, and to the circulation 
routes in the layout); accessibility of the building site and existing 
infrastructure; spatial and structural characteristics; capacity of 
services, the possibility of enlargement of that capacity, and the space 
available for their maintenance and replacement. 
According to Burns (1992), clients would like a structure that allows for 
 sH[LELOLW\DQGadaptability, but often are unwilling to spend additional 
money to achieve this in the initial design. However, they are beginning 
to expect adaptability to be part of the structural design of a building 
and refurbishment, given the greater uncertainty associated with the 
future property market (Burns, 1992). Kohler (1999) points out that 
instead of minimising the investment cost through low-cost highly 
FXVWRPLVHG VROXWLRQV DQ LQYHVWPHQW EHQH rWV IURP LGHQWLI\LQJ WKH
solution with the highest durability and reusability. An analysis of 
the investments for adaptations during the lifetime of buildings is 
needed to support design for adaptability. Grammenos and Russel 
(1997) refer to studies of hospital buildings that have shown that the 
capitalised costs of alterations over a typical ten-year period equalled 
the original capital cost. 
The durability, adaptability, and energy conservation (DAEC) tool 
developed by Langford et al. (2002) enables the input of estimated 
costs of examined design features in the adaptability assessment. 
7ZRHVWLPDWHVIRUHDFKGHVLJQIHDWXUHDUHSURYLGHG  rUVW WKH LQLWLDO
costs, and second, the costs of providing the same features, if possible, 
after the building has been built. The comparison of the difference 
between the initial and later costs assists in deciding on the investment. 
Examining whether some design features could be provided at all after 
the building has been built may help in deciding if they need to be 
provided initially. Another aim of the comparisons is to assess whether 
the added costs for elevated DGDSWDELOLW\FDQEHMXVWL rHGRQWKHEDVLV
of the avoided costs of alterations or demolition plus new construction 
(Grammenos & Russel, 1997).
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5 &KDOOHQJHVDQG%DUULHUV
Despite the motivation to continue using and renovating existing buil- 
dings, the EU average renovation rate is as low as 1%, and renovations 
DUHPDLQO\PLQRU%DUULHUV UHODWHG WR  rQDQFHV LQVWLWXWLRQDO LVVXHV
awareness, advice and skills, and the separation of expenditure and 
EHQH rWSUHYHQWRUGHOD\WKHXSWDNHRIrenovation measures (BPIE, 2011). 
Financial barriers are at the top of the list, as any renovation requires 
DQLQYHVWPHQW'H rFLHQF\RIIXQGVLVWKHPRVWUHSRUWHGUHDVRQWKDW
prevents investment in HQHUJ\HI rFLHQF\'HVSLWH WKH IDFW WKDW WKH
measures are cost-effective in the long run, the initial investment cost 
is often an obstacle for the decision. Furthermore, energy cost is not 
a major concern for the majority of consumers. It represents a small 
share of household or company expenditure  an average of 3-4%, which 
can be higher in low-income households (BPIE, 2011; Drehobl & Ross, 
2016)  and the payback period of the energy savings may exceed the 
occupancy period. In order to support decisions for energy upgrades, 
VHYHUDO rQDQFLDOLQVWUXPHQWVDUHQHFHVVDU\VXFKDVJUDQWVSUHIHUHQWLDO
loans, VAT reduction, penalties if minimum requirements are not met, 
DQGWKH rQDQFLQJRIenergy service companies. Alternative business 
models, e.g. the Product-Service System (PSS) for façade renovation 
proposed by Azcarate-Aguerre, Klein, and den Heijer (2016), also have 
the potential to tackle the high initial investment. 
The lack of adequate advice and technical expertise is another concern 
that hinders renovation (BPIE, 2011). Existing building interventions 
require different skills than large-scale new construction regarding 
technical, social, and managerial craftsmanship, on top of different 
type, size, and organisation of the company. This observation applies 
to designers, developers, commissioners, and governments, whose 
knowledge about how and when to effectively maintain, adapt, transform, 
and redesign older stock still needs to improve (Thomsen, 2010). Even 
though energy savings are generally appreciated as a renovation effect, 
there remains a lack of understanding of the potential energy, cost, and 
carbon savings resulting from different measures.
)LQDOO\DFRPSOH[EDUULHULVWKHVHSDUDWLRQRIH[SHQGLWXUHDQGEHQH rW
also referred to as the split incentives barrier (BPIE, 2011).In 
cases when one party owns the building and is requested to invest 
in HQHUJ\HI rFLHQF\ZKLOHDQRWKHU  Ѐ WKH WHQDQW  Ѐ EHQH rWV IURP WKH
resulting energy saving, such split incentives occur. It is not easy to 
overcome this barrier. A combination of measures and policies is 
needed, such as regulatory instruments for HQHUJ\HI rFLHQF\VWDQGDUGV
for appliances and buildings, availability of reliable information about 
energy performance (IEA, 2007), as well as potential changes in the 
current transaction structure. These options are based on complex 
interactions, but may be combined into integrated policies that reduce 
energy-related emissions (Barrett, Lowe, Oreszczyn, & Steadman, 2008). 
Examples of such policies are the Green Deal in the UK, which spreads 
the costs of the HQHUJ\HI rFLHQF\LPSURYHPHQWVRYHUWKHOLIHWLPHRIWKH
installed upgrade (Crawford, Johnson, Davies, Joo, & Bell, 2014), or the 
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Energy Performance Subsidy - Energieprestatievergoeding (EPV) in the 
Netherlands, which allows the landlord to ask for an additional amount 
of rent per m2 for nearly zero energy buildings (RVO, 2016).
6 %HVW3UDFWLFH
Despite the barriers discussed above, there are many successful 
examples that incorporate physical, aesthetic, and functional upgrades, 
while taking into account the occupants needs and the architectural 
value of the building. Such concerns are necessary to address 
sustainability and resilience aspects.
This section presents three best practice refurbishment projects in 
different European countries. Each one had different concerns and 
objectives, but all resulted in solutions that improved the environmental, 
economic, and social value of the building.
6.1 Renovation and Transformation of a Residential 
Building in Klarenstraat, Amsterdam-Slotervaart, 1/$UFKLWHFW9DQVFKDJHQ$UFKLWHFWHQ
During the transformation of a tenement building in U.J. Klarenstraat, 
in the district of Amsterdam-Slotervaart, the buyers of the apartments, 
together with the architect and the housing association that owned the 
building originally, developed not only the architectural interventions 
but also the business model that made this project possible. In this 
way, the process illustrates a new role for the designer and the owner 
in renovation projects.
A B
FIG. 6.1 The original (A) and the 
refurbished (B) apartment building 
in Klarenstraat 3KRWRFRXUWHV\
Vanschagen Architecten)
TOC
./$%6_VXVWDLQDEOHDQGUHVLOLHQWEXLOGLQJGHVLJQB approaches, methods and tools
Sustainable Refurbishment for an Adaptable Built Environment
218
The original building was a typical example of a mid-rise, post-war, 
multi-family residential block, built in 1956 by architect Groosman (Fig. 
6.1.a). It consisted of 40 identical apartments of 75m2 each. On the ground 
 sRRUDVWRUDJHDQGSDUNLQJDUHDZDVORFDWHG7KHWUDQVIRUPDWLRQKDGD
big effect on the occupants and ownership of the building on different 
levels. Firstly, the status was changed from moderate-rent apartments 
WR LQGLYLGXDORZQHURFFXSLHG  sDWV$VD UHVXOW WKHFKDUDFWHURI WKH
DSDUWPHQWW\SHZDVQRZDGMXVWHGWR rWWKHQHHGVRIWKHQHZRZQHUV
A B
The 40 original identical apartments were transformed into 30 diverse 
apartments, ranging from 40 to 190 m2 (Fig. 6.2). Other improvements 
LQFOXGHG WKH FUHDWLRQ RI SULYDWH JDUGHQV RQ WKH JURXQG  sRRU URRI
terraces, and new balconies, which were subject to owners choice. Thus, 
the renovated building broke the prevailing pattern of the apartment 
blocks and complexes of the post-war period and demonstrated that it 
is possible to adapt to new standards of life and ownership.
Looking at the social aspects of the renovations, the new 
occupants participation was critical for the transformation. 
)LUVWO\ WKLV ZDV WKH  rUVW SRVWZDU WHQHPHQW EXLOGLQJ renovation 
in the Netherlands that was assigned by a collective private client 
-collectiefparticulieropdrachgeverschap (CPO). Nowadays, this 
collective way of working has a positive effect on the way the building 
is inhabited as well as on the neighbourhood. Last but not least, the 
design process and the construction process were realised with the 
occupants participation (Fig. 6.3). Once the general design layout and 
the basic structural interventions were completed, each owner could 
freely choose and construct the interior of their dwelling (Fig. 6.4). 
Apart from the layout adaptations, the new owners had high ambitions in 
terms of HQHUJ\HI rFLHQF\(YHQWKRXJKHDFKRZQHUZDVJLYHQ sH[LELOLW\
regarding the interior transformations, the building envelope insulation 
DQGWKHEXLOGLQJVHUYLFHVLQFOXGLQJXQGHU sRRUKHDWLQJZHUHFROOHFWLYHO\
upgraded to ensure high energy performance. Moreover, 250m2 of 
photovoltaic panels were installed on the building. The interventions 
resulted in improving the energy label of the new dwellings from D/E 
WR$ZKLFKFRQVWLWXWHVDVLJQL rFDQWUHGXFWLRQLQenergy consumption 
(Rossem et al., 2017).
FIG. 6.2 The layout of the renovated 
building. The 40 original identical 
apartments (A) were transformed into 
(B) 30 diverse apartments, ranging 
from 40 to 190 m2 3KRWRFRXUWHV\
Vanschagen Architecten)
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6.2 Transformation of 530 Dwellings, District Grand 
Parc, Bordeaux, FR. Anne Lacaton & Jean Philippe 
Vassal, Frédéric Druot, Christophe Hutin
The transformation of the three inhabited social housing buildings was 
WKH rUVWSKDVHRIDrenovation program of the Cité du Grand Parc in 
Bordeaux. Built in the early 60s, this urban housing comprises more 
than 4,000 dwellings. 
FIG. 6.5 The renovation process. 
The building exterior during the 
construction of the extension 
(Photograph by Philippe Ruault)
FIG. 6.3  The occupants involved in 
the renovation decision-making and 
participating in the construction 
work 3KRWRFRXUWHV\9DQVFKDJHQ
Architecten)
FIG. 6.4  Interior of one of the 
apartments after renovation. Each 
apartment is different from the rest, not 
only in terms of size, but also due to the 
fact that the occupants made different 
design choices. 3KRWRFRXUWHV\
Vanschagen Architecten)
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A B
The starting point of the renovation was to improve the usable interior 
space of the apartments, which in the pre-renovation state were 
considered to be small, dysfunctional and dark. As the apartments would 
stay occupied during the renovation process, the main intervention was 
proposed for the exterior. The renovated apartments open onto large 
winter gardens and balconies and offer pleasant 3.80m deep outdoor 
spaces; wide enough to be fully functional. Including the winter gardens, 
balconies, and storage spaces, the area of each dwelling increased 
VLJQL rFDQWO\/DFDWRQ	9DVVDO)LJDQG)LJVKRZWKH
construction phase on the winter gardens and extensions, which were 
realised externally while the dwellings were in an occupied state.
Interior improvement interventions and restructuring of the bathrooms 
were also suggested. The gardens surrounding the buildings were 
improved to facilitate access and use. Overall, the project dealt with 
WKHJOREDOSHUIRUPDQFHRIWKHEXLOGLQJHQYHORSHWKHUHFRQ rJXUDWLRQ
of vertical circulation routes and access halls. As a result, the three 
10 to 15-storey-high buildings gained a renewed architectural 
expression and appeal (Fig. 6.7) and the 530 dwellings that make up 
WKHEXLOGLQJVZHUHWUDQVIRUPHGLQWREHDXWLIXOGZHOOLQJVZLWKUHGH rQHG
FIG. 6.6 $%&RQVWUXFWLRQSKDVHV
of the new structure (Photograph by 
Philippe Ruault) 
FIG. 6.7 Original and renovated 
apartment block G in the Grand Parc 
district (Photograph by Philippe Ruault) 
FIG. 6.8 The interior after renovation 
and extension (Photograph by Lacaton 
& Vassal  Druot)
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qualities and comfort. The new winter gardens and balconies provided 
more daylight,  sH[LELOLW\LQWKHLUXVHDQGYLHZV)LJ
Apart from the increase in the usable space and the improved 
quality of living, the UHQRYDWLRQUHVXOWHGLQVLJQL rFDQWenergy saving. 
The energy consumption was reduced by 66%, mainly as a result of the 
reduced heating energy demand in the renovated dwellings, which in 
the renovated apartments accounts for 20 kWh/(m2.a), while it used 
to be 116 kWh/(m2.a).
&RQFHUQLQJ  rQDQFLDODVSHFWV WKHFRVWRI WKHQHZFRQVWUXFWLRQDQG
renovation per dwelling was calculated to be less than 1/3 of the cost 
of demolition and rebuilding, proving the transformation a sensible 
investment, which was possible with no rent increase for the occupants. 
Moreover, the renovation took place while the building remained 
RFFXSLHGZKLFKRIIHUHG rQDQFLDOEHQH rWVIRUWKHKRXVLQJDVVRFLDWLRQ
and preserved the social coherence of the compound.
6.3 The Redevelopment of the National Museum 
of Scotland, Chambers Street, Edinburgh
The former Edinburgh Museum of Science and Art, opened in Chambers 
Street in 1866, was amalgamated in 1985 with the National Museum 
of Antiquities to create the National Museums of Scotland, and later 
expanded into a new building in 1998 (National Museums Scotland, 
n.d.).The aim of the redevelopment (undertaken in 2006-2011) of the 
Grade A listed building built in 1866, was to improve access for all, 
enhance visitors facilities, provide new areas for displaying the 
museums exhibits and improve HQHUJ\HI rFLHQF\*LEE$ORQJ
with the conservation work (Fig. 6.9), the vaulted cellar spaces, 
previously hidden from public view, were excavated to form a new 
entrance hall (Fig. 6.10). 
The strategy for improving HQHUJ\HI rFLHQF\KDGWRFRQVLGHUDSRWHQWLDOO\
very high cost for enhancing the thermal performance or air-tightness 
of historic façades, which in many areas would be practically impossible. 
One of the strategic approaches was to assign functions to each space 
in a way that made the best use of energy, building form, and structure. 
This principle was applied by displaying more resilient items in the 
Grand Gallery and more sensitive ones in sealed zones deep within 
the building plan, protected from daylight and controlled with new heat 
recovery air-conditioning systems (Gibb, 2012).
Heating distribution and control systems were updated so that heating 
circuits could be monitored and controlled individually to reduce 
overheating and energy use. The latest low-energy lighting tech- 
QRORJLHVVXFKDV/('VDQGKLJKHI rFLHQF\ sXRUHVFHQWODPSVDQGD
system for automatic lighting control, were installed. The centralised 
energy metering system enables monitoring and reduction of 
energy consumption in each of the galleries and the extended storage 
and support spaces (Gibb, 2012).
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The redevelopment of the Grade A listed building, which forms part of 
the National Museums Scotland, shows that the decisions concerning 
interventions to improve the HQHUJ\HI rFLHQF\RIKLVWRULFEXLOGLQJVPXVW
consider how to preserve building authenticity and avoid unacceptable 
FRVWVE\DVVLJQLQJWKHPRVWVXLWDEOHIXQFWLRQVWRVSHFL rFVSDFHV
FIG. 6.9 Museums Grand Gallery
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This may mean that if the authenticity of a building (or some of its 
parts) is deemed more important than improving HQHUJ\HI rFLHQF\E\
adding thermal insulation (which can diminish a buildings aesthetic 
qualities) or increasing air-tightness (which might be impossible or 
very expensive on some structures), such interventions will not be 
made. However, other HQHUJ\HI rFLHQF\LQWHUYHQWLRQVWKDWGRQRWKDYH
DQHJDWLYHLPSDFWRQDEXLOGLQJ %VDHVWKHWLFVHJPRUHHI rFLHQWOLJKWLQJ
and control systems) should be considered.
FIG. 6.10 New entrance hall
7 &RQFOXVLRQV
Refurbishment is an integral part of buildings life cycle, as components 
and functions become outdated or reach the end of their service life. 
Next to that, the upgrade of existing buildings presents an opportunity 
for achieving a more sustainable and resilient built environment. 
This chapter explained why refurbishment of existing buildings is 
related to sustainability and resilience, regarding the environmental, 
social, and economic effects it can have on the built environment 
and society in general.
The environmental aspects are primarily related to the reduction of 
energy demand and the resulting GHG emissions due to the improved 
energy performance of the building skin and services, as well as the 
possibility of integrating renewable energy sources in the refurbished 
building. Moreover, by reusing the existing building and extending its 
life, instead of demolishing it and building a new one, natural resources 
FDQEHVSDUHGZKLFKDOVRRIIHUV rQDQFLDOEHQH rWV$GGLWLRQDO rQDQFLDO
EHQH rWVDUHGHULYHG IURP WKH LQFUHDVH LQ WKHEXLOGLQJ YDOXHE\ WKH
upgrade. Moreover, the improvement of the quality and the attractiveness 
of the buildings has, in turn, a positive effect on the quality of life and 
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health of the RFFXSDQWV7KHVRFLDODQGHFRQRPLFEHQH rWVH[WHQGDV
far as reducing fuel poverty, preserving the architectural and cultural 
heritage and creating jobs in the construction industry. Fig. 7.1 presents 
an overview of the sustainability aspects and the respective outcomes 
that sustainable refurbishment has.
,WWKXVEHFRPHVHYLGHQWWKDWWKHEHQH rWVUHVXOWLQJIURPUHIXUELVKLQJ
the building stock cannot be strictly categorised in only one of the 
sustainability aspects, as they can be at multiple levels and the 
boundaries are blurred as the different aspects interact. Aspects of 
refurbishment are also demonstrated by the best practice examples, 
as well as multiple other examples of refurbishment practice, where 
the motivation and the result are never mono-dimensional.
Environmental
EconomicSocial
Sustai-
nable 
Refurbi-
shment
Reduction of GHG emissions 
and energy consumption 
Saving embodied energy 
and natural resources 
Job creation
Reducing fuel poverty
Increasing social resilience
Improving 
quality of life 
Preserving cultural and 
historic value of buildings
Generation of energy 
and hot water from renewable sources 
Reuse of building materials 
and components
Reducing waste 
by reusing and 
recycling
Protecting biodiversity during refurbishment
Protection 
against flooding
Increasing durability of 
components 
against extreme weather
Sustainable 
urban drainage
Improving the appearance, 
attractiveness and safety 
Saving embodied 
energy and capital
Reducing repair costs 
after 
extreme weather events 
Increasing efficient 
use of spaces
Increasing economic resilience
Increasing commercial value 
of refurbished buildings 
Taking into account all the positive aspects, it is understandable why 
refurbishment is a focal point in policies and directives. Overcoming 
the barriers to increase the rate and depth of renovation is a priority. 
Nevertheless, the key to the successful transformation towards a 
sustainable and resilient built environment lies within the building 
industry, and also depends on the architects, who should be aware 
of the challenges as well as the opportunities that the refurbishment 
of buildings presents, and who should make informed decisions 
towards their upgrade.
FIG. 7.1 Overview of refurbishment 
relevance to sustainability and 
resilience aspects
TOC
225 ./$%6_VXVWDLQDEOHDQGUHVLOLHQWEXLOGLQJGHVLJQB approaches, methods and tools
Sustainable Refurbishment for an Adaptable Built Environment
References
Andeweg, M. T., Brunoro, S., & Verhoef, L. G. W. (2007). Cost C16- Improving the quality of existing 
XUEDQEXLOGLQJHQYHORSHV6WDWHRIWKHDUW,263UHVV5HWULHYHGIURPKWWSERRNVJRRJOHQO
books?id=GPJXCZJGL40C.
Azcarate-Aguerre, J., Klein, T., & den Heijer, A. (2016, March). A business-oriented roadmap 
towards the implementation of circular integrated façades. Paper presented at the 9th 
,QWHUQDWLRQDO&RQIHUHQFHRQ,PSURYLQJ(QHUJ\(I rFLHQF\LQ&RPPHUFLDO%XLOGLQJVDQG6PDUW
Communities., 16-18 March, Frankfurt am Main, Germany pp 463-473. 
Barrett, M., Lowe, R., Oreszczyn, T., & Steadman, P. (2008). How to support growth with less 
HQHUJ\(QHUJ\3ROLF\5HWULHYHGIURPGRLKWWSG[GRLRUJM
enpol.2008.09.065
Bordass, W., & Leaman, A. (1997). Design for manageability. Building Research & Information, 
GRL
%3,((XURSH %VEXLOGLQJVXQGHUWKHPLFURVFRSH%UXVVHOV%XLOGLQJ3HUIRUPDQFHLQVWLWXWH
(XURSH5HWULHYHGIURPKWWSZZZESLHHXHXBEXLOGLQJVBXQGHUBPLFURVFRSHKWPO
%3,($*XLGHWR'HYHORSLQJ6WUDWHJLHVIRU%XLOGLQJ(QHUJ\5HQRYDWLRQ'HOLYHULQJWKH
(QHUJ\(I rFLHQF\'LUHFWLYH$UWLFOH%UXVVHOV%XLOGLQJ3HUIRUPDQFHLQVWLWXWH(XURSH
5HWULHYHGIURPKWWSZZZESLHHXUHQRYDWLRQBVWUDWHJ\KWPO
%XUQV-*'HVLJQOLIHRIEXLOGLQJVFOLHQWH[SHFWDWLRQV,Q*6RPHUYLOOH(G7KH'HVLJQ
/LIHRI6WUXFWXUHVSS*ODVJRZ%ODFNLHDQG6RQ/WG
Crawford, K., Johnson, C., Davies, F., Joo, S., & Bell, S. (2014). Demolition or Refurbishment of 
6RFLDO+RXVLQJ"$UHYLHZRIWKHHYLGHQFH5HWULHYHGIURPKWWSZZZHQJLQHHULQJXFODFXN
HQJLQHHULQJH[FKDQJH rOHV5HSRUW5HIXUELVKPHQW'HPROLWLRQ6RFLDO+RXVLQJSGI
&UXPS-'HPROLWLRQ,Q-6(GLWRULQ&KLHI6XVDQ(G,QWHUQDWLRQDO(QF\FORSHGLD
RI+RXVLQJDQG+RPHSS6DQ'LHJR(OVHYLHUGRL10.1016/B978-0-08-047163-
1.00525-7
',5(&7,9((8RQWKHHQHUJ\SHUIRUPDQFHRIEXLOGLQJ%UXVVHOV7+((8523($1
PARLIAMENT AND THE COUNCIL.
',5(&7,9((8RQWKHHQHUJ\HI rFLHQF\%UXVVHOV7+((8523($13$5/,$0(17$1'
THE COUNCIL.
'UHKREO$	5RVV//LIWLQJWKH+LJK(QHUJ\%XUGHQVLQ$PHULFD %V/DUJHVW&LWLHV+RZ
(QHUJ\(I rFLHQF\&DQ,PSURYH/RZ,QFRPHDQG8QGHUVHUYHG&RPPXQLWLHV5HWULHYHGIURP
KWWSHQHUJ\HI rFLHQF\IRUDOORUJVLWHVGHIDXOW rOHV/LIWLQJWKH+LJK(QHUJ\
Burden_0.pdf
Emad, S. B., & David, C. B. (2012). Developed Sustainable Scoring System for Structural Materials 
(YDOXDWLRQ-RXUQDORI&RQVWUXFWLRQ(QJLQHHULQJDQG0DQDJHPHQWGRL$6&(
CO.1943-7862.0000412
(XURSHDQ&RPPLVVLRQ0XOWLDQQXDOURDGPDSIRUWKHFRQWUDFWXDO333RQ(QHUJ\HI rFLHQW
%XLOGLQJVXQGHU+RUL]RQ/X[HPEXUJ3XEOLFDWLRQV2I rFHRIWKH(XURSHDQ8QLRQ
Retrieved from KWWSZZZHFWSRUJFZVSDUDPVHFWSGRZQORDGB rOHV'YB(HEBF333B
Roadmap_under.pdf
(XURSHDQ&RPPLVVLRQ3DULV$JUHHPHQW5HWULHYHGIURPKWWSVHFHXURSDHXFOLPD
policies/international/negotiations/paris_en
(XURVWDW ?&OLPDWHFKDQJHVWDWLVWLFV (6WDWLVWLFV([SODLQHG5HWULHYHGIURPKWWSHSS
eurostat.ec.europa.eu/statistics_explained/index.php/Climate_change_statistics#>
(XURVWDW ?&RQVXPSWLRQRIHQHUJ\ (6WDWLVWLFV([SODLQHG5HWULHYHGIURPKWWSHSS
eurostat.ec.europa.eu/statistics_explained/index.php/Consumption_of_energy
(XURVWDW6XVWDLQDEOHGHYHORSPHQWFOLPDWHFKDQJHDQGHQHUJ\5HWULHYHGIURPKWWS
ec.europa.eu/eurostat/statistics-explained/index.php/Sustainable_development_-_climate_
change_and_energy
FCCC/CP/2015/L.9. (2015). ADOPTION OF THE PARIS AGREEMENT. Proposal by the President, 
'UDIWGHFLVLRQ&33DULV)UDPHZRUN&RQYHQWLRQRQ&OLPDWH&KDQJH
)ORXUHQW]RX)*HQUH-/	5RXOHW&$(3,4572%86DQHZJHQHUDWLRQRI
refurbishment decision aid methods. In N. Maiellaro (Ed.), Towards Sustainable Building (Vol. 
SS'RUGUHFKW6SULQJHU6FLHQFH%XVLQHVV0HGLD5HWULHYHGIURPKWWSG[GRL
org/10.1007/978-94-017-3563-6_10
*HQUH-/(3,45$1HZ5HIXUELVKPHQW&RQFHSW3ODQQLQJWKH&LW\RIWKHIXWXUHWRGD\
3DSHUSUHVHQWHGDW/DFLWW¢GHOIXWXUR0LODQR5HWULHYHGIURPKWWSVZZZFWLLWLQGH[
php?controller=pubblicazioni&action=show&id=5246.
Gibb, G. (2012). The redevelopment of the National Museum of Scotland, Chambers Street, 
(GLQEXUJK,QQRYDWLRQ5HYLHZ5HWULHYHGIURPKWWSZZZFLFVWDUWRUJQHZVOHW-
ter/2012-03-Innovation_Review.pdf. .
Giebeler, G., Fisch, R., Krause, H., Musso, F., Petzinka, K.-H., & Rudolphi, A. (2009). Refurbishment 
PDQXDOPDLQWHQDQFHFRQYHUVLRQVH[WHQVLRQV%DVHO%LUNK¦XVHU
*UDPPHQRV)	5XVVHO3%XLOGLQJ$GDSWDELOLW\$YLHZIURP)XWXUH3URFHHGLQJVRIWKH
6HFRQG,QWHUQDWLRQDO&RQIHUHQFH%XLOGLQJVDQGWKH(QYLURQPHQW-XQH3DULV9RO
2, pp 19-26. 
+DUYH\5&	$VKZRUWK$7KH&RQVWUXFWLRQ,QGXVWU\RI*UHDW%ULWDLQ2[IRUG1HZQHV
TOC
./$%6_VXVWDLQDEOHDQGUHVLOLHQWEXLOGLQJGHVLJQB approaches, methods and tools
Sustainable Refurbishment for an Adaptable Built Environment
226
+HUPHOLQN$	0¾OOHU$(FRQRPLFVRIGHHSUHQRYDWLRQ5HWULHYHGIURPKWWSZZZ
eurima.org/uploads/ModuleXtender/Publications/51/Economics_of_Deep_Renovation_
Ecofys_IX_Study_Design_FINAL_01_02_2011_Web_VERSION.pdf
,($0LQGWKH*DS4XDQWLI\LQJ3ULQFLSDO$JHQW3UREOHPVLQ(QHUJ\(I rFLHQF\5HWULHYHG
IURPKWWSZZZLHDRUJSXEOLFDWLRQVIUHHSXEOLFDWLRQVSXEOLFDWLRQQDPHHQKWPO
,($(QHUJ\3HUIRUPDQFH&HUWL rFDWLRQRI%XLOGLQJV$SROLF\WRROWRLPSURYHHQHUJ\
HI rFLHQF\5HWULHYHGIURPKWWSVZZZLHDRUJSXEOLFDWLRQVIUHHSXEOLFDWLRQVSXEOLFDWLRQ
EXLOGLQJVBFHUWL rFDWLRQSGI
,($.H\ZRUOGHQHUJ\VWDWLVWLFV5HWULHYHGIURPKWWSZZZLHDRUJSXEOLFDWLRQV
freepublications/publication/KeyWorld2016.pdf
Itard, L., & Klunder, G. (2007). Comparing environmental impacts of renovated 
housing stock with new construction. Building Research & Information, 35(3), 252-267. 
GRL
Itard, L., & Meijer, F. (2008). Towards a sustainable Northern European housing stock (Vol. 22). 
$PVWHUGDP,265HWULHYHGIURPKWWSVZZZDUFWFDPDFXN'RZQORDGVWRZDUGVDVXVWDLQ-
able-northern-european-housing.pdf.
,75(5HFHQW7UHQGVLQ(QHUJ\3ULFHV%UXVVHOV(8QLRQ5HWULHYHGIURPKWWSZZZ
europarl.europa.eu/studies
.RKOHU17KHUHOHYDQFHRI*UHHQ%XLOGLQJ&KDOOHQJHDQREVHUYHU %VSHUVSHFWLYH%XLOGLQJ
5HVHDUFK	,QIRUPDWLRQGRL
.RQVWDQWLQRX7)D©DGH5HIXUELVKPHQW7RROER[6XSSRUWLQJWKH'HVLJQRI5HVLGHQWLDO
(QHUJ\8SJUDGHV'RFWRUDO'LVVHUWDWLRQ'HOIW8QLYHUVLW\RI7HFKQRORJ\5HWULHYHGIURPKWWS
abe.tudelft.nl/index.php/faculty-architecture/article/view/konstantiou 
Konstantinou, T., Guerra-Santin, O., Azcarate-Aguerre, J., Klein, T., & Silvester, S. (2017). A 
zero-energy refurbishment solution for residential apartment buildings by applying an 
integrated, prefabricated façade module. Paper presented at the PowerSkin, Munich. 
5HWULHYHGIURPKWWSVERRNVENWXGHOIWQOLQGH[SKSSUHVVFDWDORJYLHZ
/DFDWRQ	9DVVDO7UDQVIRUPDWLRQGHORJHPHQWVE¤WLPHQWV*+,TXDUWLHUGX*UDQG
3DUF Ѐ /DFDWRQ	9DVVDO'UXRW+XWLQ5HWULHYHGIURPKWWSVZZZODFDWRQYDVVDOFRPLQGH[
php?idp=80#
/DQGPDQ0%UHDNLQJ7KURXJKWKH%DUULHUVWR6XVWDLQDEOH%XLOGLQJ,QVLJKWVIURP%XLOG-
ing Professionals on Government Initiatives to Promote Environmentally Sound Practices. 
7XIWV8QLYHUVLW\5HWULHYHGIURPKWWSVERRNVJRRJOHQOERRNV"LG 1M,N0J$$&$$-
Langford, D. A., MacLeod, I., Dimitrijevic, B., & Mave, T. W. (2002). Durability, adaptability and ener-
gy conservation (DAEC) assessment tool. International Journal of Environmental Technology 
DQG0DQDJHPHQWGRLKWWSG[GRLRUJ,-(70
0F*UDZ+LOO&RQVWUXFWLRQ(I rFLHQW%XVLQHVV&DVHIRU(QHUJ\(I rFLHQW%XLOGLQJ5HWUR rWDQG
Renovation. Retrieved from KWWSVHQHUJ\JRYVLWHVSURG rOHVIEXVLQHVVBFDVHBIRUB
HQHUJ\BHI rFLHQF\BUHWUR rWBUHQRYDWLRQBVPUBSGI
0XQDVLQJKH06XVWDLQDEOH'HYHORSPHQW%DVLF&RQFHSWVDQG$SSOLFDWLRQWR(QHUJ\,Q
&&OHYHODQG(G(QF\FORSHGLDRI(QHUJ\SS1HZ<RUN(OVHYLHU5HWULHYHGIURP
KWWSZZZVFLHQFHGLUHFWFRPVFLHQFHDUWLFOHSLL%;.
National Museums Scotland (n.d.) History of National Museums Scotland. Retrieved from KWWS
www.nms.ac.uk/about-us/history-of-national-museums-scotland/
Nahmens, I., & Ikuma, L. (2012). Effects of Lean Construction on Sustainability of Modular 
+RPHEXLOGLQJ-RXUQDORI$UFKLWHFWXUDO(QJLQHHULQJGRL$6&($(
5568.0000054
1RJXFKL01LUPDO6	0XQHHU7$N:S3KRWRYROWDLFIDFLOLW\IRU)DLU rHOG+RXVLQJ
&RRSHUDWLYH5HWULHYHGIURPKWWSZZZFLFVWDUWRUJXVHU rOHV rOH)65(32573')
Ozbekhan, H. (1969). The Future as an Ethical Concept. In Proceedings of the 6th General 
Assembly and Congress, International Conference of Societies of Industrial Designers, 
September 1969, London
3RZHU$'RHVGHPROLWLRQRUUHIXUELVKPHQWRIROGDQGLQHI rFLHQWKRPHVKHOSWRLQFUHDVH
RXUHQYLURQPHQWDOVRFLDODQGHFRQRPLFYLDELOLW\"(QHUJ\3ROLF\GRL
10.1016/j.enpol.2008.09.022
3ULHPXV+3RVWZDUSXEOLFKLJKULVHKRXVLQJHVWDWHVZKDWZHQWZURQJZLWKKRXVLQJ
policy, with the design and with management. Netherlands Journal of Housing and 
Environmental Research, 1(2). 
Rossem, V. v., Ulzen, P. v., Vries, R. d., Gooijer, A., Gelinck, S., Hulten, F. v., & Schravesande, M. 
',<./$5(1675$$7$QHZSHUVSHFWLYHRQWKHSRVWZDUVRFLDOKRXVLQJEORFN,Q3Y
8O]HQ$%XLVVLQN	5G9ULHV(GV+HLMQLQJHQ-DS6DP%RRNV
Russell, P., & Moffatt, S. (2001). Assessing the Adaptability of Buildings, IEA Annex 31 
Energy-Related Environmental Impact of Buildings. Retrieved from KWWSZZZHFEFVRUJ
annexes/annex31.htm
RVO. (2016). Energieprestatievergoeding (EPV). Retrieved from KWWSVZZZUYRQORQGHUZHUSHQ
duurzaam-ondernemen/gebouwen/wetten-en-regels-gebouwen/bestaande-bouw/ener-
gieprestatievergoeding
TOC
227 ./$%6_VXVWDLQDEOHDQGUHVLOLHQWEXLOGLQJGHVLJQB approaches, methods and tools
Sustainable Refurbishment for an Adaptable Built Environment
Thomsen, A. (2010). Paradigm shift or choke? The future of the Western European housing 
VWRFN3DSHUSUHVHQWHGDWWKH+RXVLQJWKHQH[W\HDUV&&+35&RQIHUHQFH-XQH
Amsterdam. 
Thomsen, A. F., & van der Flier, C. L. (2008). Replacement or reuse? The choice between demolition 
and life cycle extension from a sustainable viewpoint. Shrinking Cities, Sprawling Suburbs, 
Changing Countrysides (Vol. 1). Centre for Housing Research, UCD.
UN. (1992). Agenda21. Paper presented at the United Nations Conference on Environment & 
Development, Rio de Janerio. Brazil. Retrieved from KWWSVVXVWDLQDEOHGHYHORSPHQWXQRUJ
content/documents/Agenda21.pdf.
UNESCO. (2003). What is sustainable development? Retrieved from KWWSSRUWDOXQHVFRRUJIU
ev.php-URL_ID=3994&URL_DO=DO_TOPIC&URL_SECTION=201.html
:DLGH3*XUWOHU3	6PLWK:+LJK5LVH5HIXUELVKPHQW7KH(QHUJ\(I rFLHQW8SJUDGH
RI0XOWL6WRU\5HVLGHQFHVLQWKH(XURSHDQ8QLRQ(XUR$&(5HWULHYHGIURPKWWSVZZZLHD
org/publications/freepublications/publication/pw_Highrise.pdf
:&('2XUFRPPRQIXWXUH2[IRUG1HZ<RUN2[IRUG8QLYHUVLW\3UHVV
TOC
